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Seasonal and Inter-Annual Atmospheric Trends of Persistent Organic Pollutants in 
Groton, CT 
Lauren Rothermich 
Abstract 
 Using data derived from one site in the global atmospheric passive sampling 
(GAPS) network, seasonal and inter-annual trends in concentrations for target pollutants 
were evaluated. Chemical physical properties such as Henry’s Law constant and the 
octanol-air partition co-efficient (Koa) were poor indicators of seasonality, but certain 
weather factors such as temperature and precipitation gave good correlations with 
contaminant concentration variability. Localized studies such as these will help add finer 
resolution to the study of global transport of persistent organic pollutants.  
 
Introduction 
Global monitoring of air pollutants are beginning to provide information on the 
complicated problem of regulating pollutants that are able to travel far distances from 
their source.  In 2004, an international treaty known as the Stockholm Convention on 
persistent organic pollutants was ratified. Its aim is to reduce and eliminate the use of 
persistent organic pollutants (POP’s) (Harner 2006). In order to determine the 
effectiveness of the treaty, stipulations were included in the convention to implement 
monitoring systems on several environmental mediums, including human milk, bivalves, 
other biota, and air (Pozo 2006). The Global Atmospheric Passive Sampling study 
(GAPS) was established to fulfill the air monitoring aspect of the convention. The study 
gathers data from over 50 sites on seven different continents, revealing locations with 
high pollution and patterns of global transport (Figure 1).  
GAPS uses polyurethane foam (PUF) disks as their passive air samplers. These 
disks are 14 cm in diameter and 1.35 cm thick and are placed in a stainless steel sampling 
chamber that is disk-shaped as well (Harner 2006). The chamber has a top and bottom 
half, which allows air to pass through the middle to the foam while protecting the foam 
disk from precipitation (Figure 2). A field blank and a regular sampler are deployed at a 
location at least one meter off the ground and are left for three month periods. The benefit 
of these passive air samplers is that they are inexpensive and do not require additional 
energy inputs (Harner 2006). The relative ease of deploying these samplers allows for 
efficient international long-term data collection. Data is sent to Environment Canada for 
extraction and analysis.   
GAPS measures concentrations of both persistent organic pollutants (POPs) and 
emerging pollutants. POP’s are defined as toxic substances that do not easily break down 
and therefore accumulate in the environment (IPCS 1995).  The United Nations identified 
twelve substances as POP’s in the initial convention. The use of these pollutants is 
banned globally, with the exception of localized application of DDT for malaria control 
(Stockholm Convention on Persistent Organic Pollutants 2004). Since the last convention 
in 2011, the list has expanded to 21 total compounds. Due to the persistence and chemical 
properties of POP’s, they are dispersed all across the globe, often far from their place of 
origin. The wide distribution of these pollutants, especially in environmentally fragile 
locations, makes global monitoring pertinent.  
Due to the large scope of the GAPS project and its relatively recent 
implementation, there has not been much analysis on the seasonal differences of chemical 
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concentrations. Most substances hereto have shown elevated concentrations at specific 
locations year-round, such as higher levels of PCB’s near urban sites (Pozo 2008). 
However, endosulfan, a newly identified POP, has shown significant seasonal variation 
(Pozo 2008). Endosulfan is an insecticide used on a wide variety of crops that will be 
completely phased out of the United States by 2016 (Endosulfan: Final Product 
Cancellation Order 75 FR 69065). It is acknowledged that seasonal comparison studies 
are best conducted on a smaller spatial scale, for instance at a single site, as each site is 
subject to a unique set of meteorological and climate conditions (Pozo 2008).  
The purpose of this study is to evaluate data derived from one GAP site in Groton, 
Connecticut, by measuring target compounds and assessing the seasonal and annual 
variations in their concentrations. Based on available data, the study was broken down 
into four parts: (i) the relationship of physical chemical properties of the compounds and 
their seasonal variation, (ii) the relationship of representative meteorological conditions 
and seasonal variation in concentration of persistent organic pollutants (excluding 
PCB’s), long-term seasonal variation in PCB concentrations, and an inter-annual 
comparison of PCB concentrations, and (iii) corresponding weather patterns. Studies such 
as these provide a small piece of the puzzle of global atmospheric pollutant transport.                                                                        
 
Methods 
A monitoring station with two polyurethane foam disk (PUF) passive air samplers 
is located on the top of the Avery Point lighthouse on the University of Connecticut 
Avery Point Campus. One sampler is a carbon-resin (C-18) impregnated PUF and the 
other regular PUF measures the concentrations of several persistent organic pollutants. 
An in-depth description of the polyurethane foam disks and extraction methods are in 
Pozo 2006 and Harner 2006. The samplers are deployed for 3 month quarters: 
approximately January to beginning of April, April to end of June, July to September, 
and October to December. The samplers are replaced after the 3-month period and sent to 
Environment Canada’s Science and Technology Branch and extraction is conducted at 
the Hazardous Air Pollutants Laboratory in Toronto. The resulting average concentration 
for each pollutant per period is compiled and recorded in the time series. Datasets were 
provided for quarters 3 and 4 of 2009, all of 2010 and quarters 1 and 2 for 2011. Only 
PCB concentrations were available in the 2010-2011 dataset.  
 Climate data for 2009 was obtained from the Long Island Sound Coastal 
Observatory. Measurements were taken at Ledge Light, in New London. The data was 
put into Microsoft Access and averages and standard deviation from the average for each 
variable per quarter were found by running a query. Climate data for 2010 and 2011 was 
obtained from the quality controlled local climatology dataset provided by the National 
Climatic Data Center. These datasets give monthly averages for each variable and the 
dataset used was from the Groton, CT, airport. Henry’s Law constants and Log Koa 
values were obtained from two sources (Paasivirta et al. 1999)(Meylan et al. 2005).  
The pollutants measured at the Groton site and used in this analysis include 
hexachlorobenzene, heptachlor, dieldrin, chlordane, endosulfan, DDT, nonachlor, and 
PCBs. All except endosulfan are currently not in use in the United States. Table 1 below 
summarizes their past uses: 
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Table 1: Summary of POPs evaluated in this study and common applications. From: 
http://www.epa.gov/international/toxics/pop.html#table 
POP Usage 
Dieldrin insecticide crops (corn, cotton) termite control 
Chlordane 
insecticide crops (vegetables, grains, sugarcane, cotton, citrus, nuts, 
potatoes; lawn and garden)  termite control 
DDT insecticide (cotton) malaria control 
Heptachlor insecticide soil insects and termites 
HCH 
fungicide for seed treatment, industrial chemical in rubber, fireworks, 
ammunition, unintentionally produced during combustion 
Endosulfan insecticide crops (apples, cotton, cucurbit, tomatoes, potatoes) 
PCB 
electrical capacitors, paint additives, plastics, heat exchange fluids, 
unintentionally produced during combustion 
 
Results 
(i) Henry’s Law constants and Log Koa 
Henry’s Law constants and the Log Koa help describe a compound’s partitioning 
tendency between octanol and air. The Henry’s Law constants used in this study were in 
pam3mol-1. There was no correlation between the Henry’s Law constant and Log Koa of 
the target compounds with seasonal differences in their concentrations. When the Henry’s 
Law constant was plotted against the change in concentration between quarters, a linear 
equation could not accurately describe the scatter (Figure 3). The same was true for the 
Log Koa value plotted against the seasonal change in concentration (Figure 4).   
 
(ii) Climate Variables 
Relevant climate data including temperature, dew points, precipitation, wind 
speed and wind direction was compiled in order to compare compound concentrations 
with climate conditions. Trends for 2009 are summarized here. 2009 was a wetter than 
average year, with a total of 26.14 inches of precipitation falling from July through 
December in Groton CT (NOAA 2009). It was approximately a 0 to 5 inch departure 
from normal (NOAA 2009). The average temperature for quarter 3 was 19.18 oC and 
9.67 oC for quarter 4 (Table 2). This was 0 to 5 degrees warmer than normal (NOAA 
2009). The average wind speed for all months was higher in quarter 4, but it was not a 
significant difference (Figure 5). The wind direction average ranged from SW to S, but 
direction was not always constant and had large standard deviations (Figure 6). The total 
amount of precipitation in quarter 3 was 4.51 inches as opposed to 4.2 inches in quarter 4, 
but this was also not a significant difference.  
There was a great deal of variability in the concentration differences of the 
measured pollutants between Q3 and Q4 of 2009. The majority of the chemicals had 
lower concentrations in Q4. The exceptions were alpha and beta HCH, heptachlor, p,p'-
DDE, and p,p'-DDT (Figure 7). There were also five PCB cogeners that were higher in 
quarter 4, including species 8, 18, 17, 15, and 33. (Figure 8) The range for measured 
concentration values in general was also quite variable, from 0.19 to 272.57 pgm-3. The 
differences in concentrations were significant, with a p value of 0.04.  
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 Endosulfan I exhibited the highest seasonality in concentration by far, at 211.35 
(Figure 7). Endosulfan II had the next highest difference, with 64.88, but Endosulfan III 
had a relatively constant concentration difference. This was most likely because 
Endosulfan III had a much lower concentration to begin with, only measuring 4.42 
pg/m^3 in Q3, as opposed to 272.57 and 76.59 pgm-3 like Endosulfan I and II (Figure 7).  
As a group however, the endosulfans showed the greatest seasonality of atmospheric 
concentrations relative to other groups.  
Climate data for 2009 and 2010 was used to describe long-term seasonal variation 
in PCB concentrations. The average temperature of quarter 4 in 2009 was 9.67 oC and 
6.83 oC in 2010. Quarter 3 in 2009 and 2010 were relatively close in temperature, at 
19.18 and 20.22 degrees (Table 2). 2009 was wetter than 2010, with a slight decrease in 
precipitation in quarter 4 in both years. Wind speed increased in both years in quarter 4, 
but the average wind speed was higher in 2009 than 2010 in both quarters (Table 2). 
Wind direction was highly variable in both years and not significantly different.  In terms 
of compound concentration, the concentration of all PCB’s, with the exception of 5 
species, decreased in the 4th quarter in 2009 (Figure 8). However, in 2010, all PCB’s 
increased in the 4th quarter (Figure 11).  
 
(iii) Weather Patterns  
Weather patterns were also used to evaluate inter-annual trends of contaminant 
concentration. During the first two quarters of the year, 2010 was wetter than 2011, with 
one more inch of precipitation occurring in 2010 (Table 1). 2010 had an especially wet 
March, with 12.13 inches of precipitation (Figure 9). It also warmed up quicker in 2010, 
as the average monthly dew points increased more rapidly (Figure 10). Since the dates of 
the quarters in 2010 differed by 10 days from 2011, average temperatures from the 
dataset could not be compared. Instead, the departure from normal from January through 
July was used to compare temperatures between the two years. Through July in 2010, the 
temperature was 2.9 degrees above normal, whereas it was 0.04 degrees above normal in 
2011 during the same time period (NRCC). There was no significant difference in wind 
speed or wind direction (Table 1). All PCB concentrations in 2010 were higher than in 
2011 (Figure 12). It also appears that each species had a similar magnitude of difference 
between the two years, as the peak patterns are almost analogous.   
 
Discussion 
The concentration of pollutants in the air is reliant on several factors. These 
include the physical chemical properties of the compounds, climate and weather patterns, 
and their input sources. This study found that weather patterns and source considerations, 
rather than the examined physical chemical properties, were a stronger predictor of 
compound concentration.  
 
(i) Henry’s Law constant and Log Koa 
The comparisons of Henry’s Law constant and Log Koa to the change in 
concentration showed that these properties had little sensitivity to temperature, as the 
temperature difference between quarter 3 and 4 of 2009 was significant, at 9.51 oC. This 
means that the physical chemical properties of the compounds do not satisfactorily 
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explain the seasonal variation in concentration of the compounds. It is more likely that 
source strength dominates signals. 
 
(ii) Climate Variables 
The only significant difference in weather between quarter 3 and 4 of 2009 was 
temperature. It is well known that warmer temperatures correlate with a higher 
concentration of pollutants in the air because the increase of kinetic energy causes more 
of the compound to shift into its gaseous phase. Source inputs for certain chemicals are 
important in explaining their seasonality as well. Endosulfan is still used in agriculture 
around the globe, including in the U.S., unlike the other target compounds. The 
extraordinary peak in endosulfan in the summer quarter is likely due to the volatilization 
of this compound after agricultural applications.  
It would be expected that the concentration of the PCB’s would decrease in the 4th 
quarter, similar to the other POP’s, due to a significant temperature decrease. Although 
this did occur in 2009, it was the opposite in 2010. Precipitation and wind direction 
differences were not significant and therefore not indicators of this discrepancy. The 
temperature of quarter 4 in 2010 was lower by three degrees than quarter 4 of 2009, 
which also does not explain the results. A lower temperature generally correlates with 
lower concentrations, but here the opposite occurred. The 4th quarter of 2009 also had a 
greater increase in wind speed from quarter 3 than the 4th quarter of 2010. More wind 
pushes more air through the samplers and leads to higher measurements, but once again, 
a higher wind speed in 2009 did not lead to a higher concentration of PCB’s. The 
explanation of this discrepancy therefore may lie in the source of these PCB’s, as 
physical chemical properties and weather patterns have proven unsuccessful at 
illuminating the cause of these differences between 2009 and 2010.  
 
(iii) Weather Patterns 
The inter-annual trends of PCB concentrations can be explained primarily by 
temperature. During the period of comparison, 2010 was a warmer year than 2011 and 
therefore a higher concentration of the compounds in the air is expected. Precipitation 
cannot explain the results because 2010 was a wetter time period. Precipitation has a 
scavenging effect on the air because of the removal of compounds due to wet deposition, 
so a period with more precipitation would be expected to yield lower concentrations. This 
was not the case for 2010, indicating that the temperature was more influential in 
determining the compounds’ behavior.  The wind speed and wind direction were also not 
factors in the concentration variation, as they were not significantly different between the 
two years.  
 
Conclusion 
Global studies such as the GAPS network are substantially increasing our 
understanding of the long-range transport of persistent organic pollutants and human 
exposure. However, most analysis of the GAPS data has been on a yearly basis. Studies 
that focus on a single location, such as this one, can add more detail to the overall 
interpretation of atmospheric transport by teasing apart seasonal variations in compound 
concentrations. The target compounds in Groton, CT showed seasonality in that the 
majority of them had higher concentrations in the summer quarter, or quarter 3. A 
 warmer average temperature and source inputs during that q
explanation of the variability in concentration. 
compounds were not strongly correlate
seasonal trends of PCB’s were confounding in that opposite trends were seen in different 
years with no identified explanation. 
rationalized by temperature difference
course of many years will help verify
concentration in the air. The combination of these single location studies will add 
accuracy to a global transport 
pollutant behavior with changing climate. 
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Figure 3: Henry’s law constants of compounds and their change in concentration 
between quarter 3 and 4 
y = 
1.00E-07 1.00E-06 1.00E-05
c
o
n
c
. d
if
fe
rn
c
e
HLC and Concentration Difference
uarter was the most likely 
Physical chemical properties of the 
d with concentration variability. Long
Inter-annual trends of PCB concentrations were 
s. The continuation of seasonal studies over the 
 specific influential factors in determining pollutant 
model and provide a baseline for future predictions of 
 
-27747x + 27.442
R² = 0.0195 -50.00
0.00
50.00
100.00
150.00
200.00
250.00
1.00E-04 1.00E-03 1.00E-02 1.00E-01 1.00E+00
HLC 
6 
-term 
 
 Figure 4: Log Koa of compounds and 
quarters 3 and 4 
Figure 5: Average monthly wind speeds 
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 Figure 6: Average monthly wind directions in 2009
Figure 7: Average concentrations of compounds for quarter 3 and 4
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 Figure 8: Average concentration of PCB’s for quarter 3 and 4 of 2009
Figure 9: Monthly precipitation totals by year
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 Figure 10: Average dew points by month for 2010 and 2011
 
 
Figure 11: Average PCB concentrations for quarter 3 and 4 of 2010
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Figure 12: Average PCB concentrations for 2010 and 2011 
 
 
 
 
 
 
 
 
 
 
Table 1: Monthly and Yearly averages of weather factors 2010 and 2011 
 
Table 2: Weather factor averages by quarter for 2009 and 2010 
 
Precip (in) Wind Speed Temp (Celsius) 
 
2009 2010 2009 2010 2009 2010 
Quarter 3 4.51 2.79 8.99 7.3 19.18 20.22 
Quarter 4 4.2 2.28 13.45 10.3 9.67 6.83 
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Precip (in) Wind Speed 
Resultant 
Direction 
Month 2010 2011 2010 2011 2010 2011 
Jan 1.02 2.33 10.1 8.6 31 32 
Feb 3.42 1.96 11.3 9.9 32 30 
March 12.13 1.53 11 10.8 3 31 
April 1.65 3.32 8.1 9.3 28 21 
May 3.09 3.58 7.9 7.5 26 8 
June 2.19 4.94 6.7 6.6 23 20 
July 3.59 2.19 6 6 25 23 
Average 3.87 2.84 8.73 8.39 24 23.57 
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Figure 1: GAPS network sampling sites. Red site depicts focus site for this study. 
Source: Environment Canada: http://www.ec.gc.ca/rs-
mn/default.asp?lang=En&n=E80D51C8-1 
 
Figure 2: sampling chamber and PUF disk 
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